Abstract -Seventy-two Simmental bulls, weighing at the beginning of the experiment 408±24 kg, were fed fibrous or starch diets to a final weight of 622±34 kg. The animals were divided into three groups fed with the following: grass silage plus sugar beet pulp (GSS, n = 18) as a predominantly fibrous diet, maize silage plus wheat (MSW, n = 27) and maize silage plus corn (MSC, n = 27) as predominantly starch diets with different ruminal degradabilities of the starch. The dietary source of energy had no significant effects on the following meat characteristics: pH, colour, weight losses at ageing and grilling, grilling time and shear force values. These meat quality traits were also not affected by the dietary source of starch, rapid degradable (MSW) or slow degradable (MSC). In loin muscle steaks, sensory evaluation revealed no significant differences in tenderness and juiciness among the three groups. The steaks of the grass silage fed group (GSS) were rated lower for flavour than the steaks from the maize silage fed groups (MSW, MSC), with the difference between GSS and MSC being significant. The MSC group also had the highest intramuscular fat content with 1.96% (P < 0.05). Feeding the GSS diet significantly increased the saturated fatty acids in the intramuscular and kidney fat compared to the MSW and MSC diets. Also, most polyunsaturated fatty acids especially n-3 fatty acids were increased by feeding the GSS diet. The MSC diet significantly reduced the PUFA in the intramuscular and kidney fat compared to the GSS diet. MUFA content was significantly higher when feeding starchy diets.
INTRODUCTION
Any improvement of meat production by breeding and/or nutritional means should take into consideration the composition and palatability of the meat. Many factors have an impact on ruminant meat quality; they can generally be divided into two categories: somatic factors (e.g. breed, age, sex) and environmental factors (e.g. diet, climate, slaughtering procedures). Feed costs form the major proportion of all variable costs in beef production systems, but the reduction of feed costs should not be accompanied by a reduction of the meat quality. However, the specific effects of the dietary constituents on meat quality are not difficult to identify. The feeding regime itself will influence the animal growth rate and will indirectly affect the meat characteristics. These characteristics may also be changed due to the dietary components and their intrinsic properties [18] . Maximum energy intake can be achieved by maximising dry matter intake and by increasing the energy concentration of the diet by adding fat or adding energy rich concentrates. Under practical conditions this will be achieved most frequently by feeding more cereal grain starch [19] .
Bacteria fermenting starch produce a higher proportion of propionic acid (35 to 45 moles per 100 moles VFA) than bacteria fermenting cellulose or hemicellulose (15 to 20 moles per 100 moles VFA) [16] . The production of propionic acid is more advantageous, because propionic acid serves as a hydrogen sink and is utilised more efficiently than acetic acid. Therefore, high starch diets may be more favourable in fattening rations compared to high fibre diets in cattle. High starch diets usually increase the production costs and other sources of energy would be more acceptable provided that there are no adverse effects on the meat quality. Therefore, the objective of this study was to compare the effects of a high fibrous diet with the effects of two starchy diets on meat quality traits, eating quality attributes and fatty acid profiles of Simmental bulls. 
MATERIALS AND METHODS

Experimental design
Seventy-two Simmental bulls, 11 months old, and initially weighing 408 ± 24 kg, were randomly assigned to three groups differing in their dietary energy source. The experiment was performed at the agricultural experimental station, in Hirschau, of the Technical University of Munich, Freising-Weihenstephan, Germany. The roughage to concentrate ratio was 65:35 on a dry matter basis (DM). A high fibre diet (GSS, n = 18) consisted of grass silage (46.3% DM, 9.99 ME MJ·kg −1 DM and 16.7% crude protein) and concentrates from sugar beet pulp (97.1%) and a mixture of minerals (2.9%). The other two diets were high in starch based on maize silage (38.7% DM, 11.07 ME MJ·kg −1 DM and 7.5% crude protein) and included concentrate from wheat (51%) (MSW, n = 27) or corn (51%) (MSC, n = 27) plus soybean meal (45%) and a mixture of minerals (4%). These three diets were fed as total mixed rations for each bull. The chemical composition of the three diets is given in Table I . During the experiment, two animals (one from MSW and GSS group) were excluded from the study due to health problems. Along the whole experiment, samples from the three diets were stored at -20
• C for later fatty acid analysis. During the 157 day feeding period, individual daily feed intakes were recorded daily and bulls were weighed every 14 d. Slaughtering took place at a mean final weight of 613 kg, 622 kg and 630 kg for GSS, MSW and MSC, respectively. The average age of the bulls was 16 months at slaughtering with no difference between the groups. The average daily gains were 1272, 1358 and 1428 g·d −1 and the means for energy intake were 99.4, 103.9 and 103.6 MJ ME·d −1 for the GSS, MSW and MSC groups, respectively. Unlike energy intake, the average daily feed intake tended to be higher for GSS, 9.35 kg DM in comparison to 8.85 and 8.86 kg DM for MSW and MSC, respectively.
Slaughter procedure
The bulls were fasted 18 h before slaughtering at a commercial abattoir. The carcasses were trimmed according to the EU legislation. The hot carcass weights for GSS, MSW and MSC groups were 340, 348, 356 kg, respectively. The average dressing percentage was 55.5%, 56.0% and 56.4% for GSS, MSW and MSC, respectively. Carcasses were split and cooled for 24 h at 4
• C. The best ribs (9 to 11th) were removed from the left side of the carcasses and kept at +4
• C during the transport to the Bavarian Institute for Animal Breeding, Grub. All meat samples were stored at +4
• C for further meat quality measurements and sensory evaluation. Samples from the longissimus dorsi (LD) muscle and kidney fat were stored at -20
• C for fatty acid analysis.
Meat quality and sensory evaluation
Meat pH value was measured in the LD muscle 48 h after slaughtering (pH-Meter Type Portamess, Knick, Berlin). The Minolta reflexion photometer (Minolta Europe GmbH, Bremen, Germany) was used to measure meat colour (L = lightness, +a* = redness and +b* = yellowness). Measurements of colour values were carried out at five spots of the LD muscle. The LD muscles were cut into three steaks at the height of the 9, 10 and 11th rib. Each LD steak of the 9th rib was trimmed to remove residual adipose tissue and connective tissue for subsequent blending. One half part of the homogenised meat was vacuum packed and stored at -20
• C for further fatty acid analysis. From the other part, direct measures of the intramuscular fat were performed using the near infrared reflectance method (NIR Systems 6500, FOSS Electric A/S, Denmark). The 10th rib steaks (3 cm thickness) were used for the determination of shear force values, ageing and grilling loss percentages. Each of these steaks was weighed, vacuum packaged and aged at +2
• C for 13 d. The steaks were weighed again and the ageing loss percentage was calculated. Subsequently, the steaks were heated until a core temperature of 65
• C, grilling time was recorded, and the grilled samples were cooled to room temperature and weighed again to calculate the grilling loss percentage. Shear force was measured in the grilled steaks (INSTRON 5564, High Wycombe, UK). Cylindrical core samples were cut rectangular to the direction of the fibres. The steaks of the 11th rib were vacuum packaged and stored at -20
• C. These steaks were used for sensory tests at the German Federal Research Centre for Nutrition and Food, Kulmbach. Taste panel ratings were carried out by six selected and calibrated, trained panelists. The LD steaks (2.5-cm thick) were grilled until a 70
• C core temperature. A 6-point scale was used to evaluate meat tenderness (1: tough and 6: very tender), juiciness (1: dry and 6: juicy) and flavour (1: weak and 6: strong).
Fatty acid analysis of beef, kidney fat and feeds
The samples were thawed at +4
• C one day before analysis. Total lipids were extracted from the meat, adipose tissue and feeds using the method of Bligh and Dyer [1] , modified by Hallermayer [10] . Fatty acid methyl esters (FAME) were prepared using TMSH (Trimethyl-sulfonium hydroxide) for transesterification [23] . Beef, kidney fat and feed samples were analysed by gas-liquid chromatography. The gas chromatograph (HP, model 6890) was equipped with a flame ionisation detector and a capillary analytical column (DB 23; 60 m × 0.25 mm i.d., 0.25 µm film thickness consisting of 50% cyanopropylmethylpolysiloxan, J&W Scientific, CA). The oven temperature programme started at 160
• C, the temperature was increased by a rate of 3.6
• C·min −1 until reaching 230
• C. The detector temperature was set at 250
• C. Hydrogen was used as a carrier gas at a flow velocity of 40 cm·s −1 . The injection volume was 1 µL and the split ratio was set to 1:100. All fatty acids were identified using appropriate standards (SigmaAldrich, Deisenhofen, Germany, Restek, Bad Homburg, Germany, Promochem, Wesel, Germany).
Statistical analysis
Collected data were statistically analysed according to the GLM procedure of SAS [22] in a one way design. The model included the dietary energy source (GSS, MSW or MSC). Differences among treatments were further analysed by the Duncan multiple range test.
RESULTS
Meat quality and sensory evaluation
Ultimate pH, colour, ageing and grilling loss, grilling time and shear force values as objective measures of tenderness Tenderness, juiciness and flavour evaluation by the panelists are presented in Table III . Non-significant differences were detected for tenderness and juiciness scores (subjective measure). Flavour evaluation showed that feeding the MSC diet significantly improved meat flavour compared to the GSS diet.
Fatty acid profile of the experimental diets
The results of the individual fatty acid composition of the GSS, MSW and MSC diets are shown in Table IV . In all diets, 2 Tenderness score from 1-6 (1 = tough and 6 = very tender). 3 Juiciness score from 1-6 (1 = dry and 6 = juicy). 4 Flavour score from 1-6 (1 = bad and 6 = excellent).
the predominant saturated fatty acid (SFA) was C16:0, the predominant monounsaturated fatty acid (MUFA) was C18:1-9c and the predominant polyunsaturated fatty acids (PUFA) were C18:2 and C18:3. But there were large differences between the individual diets, especially between the grass silage diet (GSS) and the two maize silage diets (MSW, MSC). The GSS diet contained a higher proportion of C16:0 and C18:3 compared to the MSW and MSC diets, which contained a substantially higher proportion of C18:1 and C18:2. The GSS diet had a higher proportion of SFA and PUFA, whereas the MUFA proportion was higher in the MSW and MSC diets.
Intramuscular fat content and fatty acid profile
Significant differences were detected among the three groups in the intramuscular fat content and fatty acid profile of the LD muscle (Tab. V). Feeding the MSC diet significantly increased the intramuscular fat content compared to the MSW diet, but was not significantly different from the GSS diet. No significant differences were detected between the GSS and MSW groups. The grass silage group (GSS) had a significantly higher content in saturated fatty acids than both maize silage groups. Also the major saturated fatty acids, palmitic (C16:0) and stearic (C18:0) acid, were not much affected by the dietary energy source. Relative to MSW, feeding the GSS diet resulted in a lower MUFA content. Oleic acid (18:1, 9c) contents were significantly increased by feeding starchy diets compared to the fibrous diet. Using the maize silage diet supplemented by wheat significantly increased the proportion of polyunsaturated fatty acids (PUFA) compared to the maize silage diet supplemented by corn. There were no significant differences between the grass silage diet and both maize silage diets.
No significant differences between the three groups were found for the linoleic acid (C18:2, 9c-12c) content, but linolenic acid (c18:3, 9c-12c-15c) was significantly higher in the grass silage group (GSS: 1.63%) compared to the maize silage groups (MSW: 0.53%, and MSC: 0.39%). Conjugated linoleic acid (CLA; C18:2, 9c-11t) ranged from 0.80-0.85% across all diets, with no significant differences. The GSS group showed a significantly higher proportion of eicosapentaenoic acid (EPA; C20:5, 5c-8c-11c-14c-17c), as the most prominent omega-3 fatty acid, compared to the two maize silage based groups. Feeding the GSS diet significantly increased the n-3:n-6 ratio to 0.32 compared to the other two groups with values of 0.13 and 0.11 for MSW and MSC groups, respectively. No significant differences were detected between the MSW and MSC groups.
Fatty acid composition of the kidney fat
The fatty acid pattern of kidney fat is shown in Table VI and reveals similar trends to that noted for the intramuscular fat. The SFA and PUFA were significantly increased in the grass silage based feeding group compared to the two maize silage based feeding groups. Feeding the GSS diet significantly increased palmitic acid content but not stearic acid content compared to the MSW and MSC diets. In general, the stearic acid proportion was found to be much higher in the kidney fat (mean: 29.5%) compared to the proportion in the LD muscle (mean: 16.2%).
MUFA concentrations were significantly decreased by feeding the GSS diet compared to the MSW and MSC diets. Oleic acid (C18:1, 9c) proportions followed the same trend. Linoleic acid content was not affected by the dietary energy source while the GSS group had a significantly higher proportion of linolenic acids compared to MSW and MSC groups. The CLA proportion was found to be significantly higher in the GSS group compared to the MSW and MSC groups, in contrast to the intramuscular fat profile, where the differences were not significant.
DISCUSSION
In this trial, a typical high fibre diet was mixed from grass silage plus sugar beet pulp (GSS) having an NDF content of 48.1%, whereas the contrasting high starch diets were composed of maize silage plus wheat (MSW, starch content 38.5%) or maize silage plus corn (MSC, starch content 38.1%). The supplementation of the maize silage based diet by wheat also created fast and high ruminal starch degradability, whereas the supplementation of the diet by corn created a rather low ruminal degradability of the starch [3] . There were almost no differences between the experimental groups in the measured meat quality criteria (pH and colour characteristics). The very stable pH values indicate that the ante mortem handling was appropriate. Furthermore, Priolo et al. [18] showed in an experiment with under-fed cattle that malnutrition can cause high ultimate pH values in beef, since animals fed in this manner do not have the possibility to accumulate adequate glycogen reserves in their muscles. But ante mortem handling is of major importance for pH under practical conditions. Meat colour is a very important character when consumers are making their choice. In most cases meat colour is affected by the common action of different factors, including fattening regime, slaughter weight, age, genotype, and gender or ante mortem treatment; finally the best correlations will be found between meat colour and the ultimate pH and the intramuscular fat content. Direct effects of the diets on meat colour are considered rare and would be dependent on direct effects of the diet on the muscle myoglobin [18] . A fibre rich diet, as in the GSS group, provoked a higher hem pigment concentration, resulting in a darker meat compared to concentrate-fed Friesian bull calves (slaughter weights: 360 and 460 kg, respectively) according to [24] . But these results were also associated with older animals. In the present study, steaks from animals fed fibre rich diets had numerically, but non-significantly lower L, a* and b* values. Also no significant differences in colour criteria were reported when crossbred steers from continental breeds were kept on pasture or were fed on a grass silage plus concentrate diet [8] . There were no differences in the results of the losses after ageing and grilling among the feeding groups. But the variation of these technological meat quality traits is often high, which is also reported by other studies [7, 20] . In some publications, good correlations between the nutritional status of the animal and the shear force values are reported [12] . But an intensive feeding induces a lower age at slaughter, which can also affect this parameter [14, 20] . In the present study no significant differences in shear force values were recorded among the feeding groups. However, the individual variation of the shear values was rather high.
Consumer evaluation of the eating quality is an important assessment of meat quality, of which the most important criteria are tenderness, juiciness and flavour. The sensory evaluation of meat tenderness is even less reproducible than the measurement of shear force values. In addition, this criterion strongly depends on post-mortem treatments such as cooling and ageing [12] , other factors such as nutrition and selective breeding may additionally be used as in vivo strategies to optimise meat quality. The tenderness results showed similar values for the high fibre, grass silagefed group, and the maize silage plus wheat group, whereas the maize silage plus corn group was somewhat lower. The values for juiciness were similar across all 3 diets. But the flavour of the maize silage plus corn-fed group was significantly higher in comparison to the high fibre, grass silagefed group, whereas the other maize silage plus wheat-fed group were similar to the maize silage plus corn group. Although the maize silage plus corn group showed the highest intramuscular fat content, there was no relation between the fat content and flavour. This is not surprising, because the intramuscular fat content was low and varied only between 1.5 and 2.0% as discussed above. However, important differences in fatty acid composition of the intramuscular fat were noted. The MSC group has a significant different fatty acid pattern in comparison to the GSS group with lower PUFA and SFA and higher MUFA. There is good agreement with data from steers in feedlots with different feeding intensity [2] . In the US, Melton et al. [13] found that higher levels of C18:3 were related to less desirable beef flavour assessed using untrained assessors. However, this relation to different fatty acids needs further work. It may also be influenced by the fat content, the tocopherol content or by the "experience" of the taste panel.
The accumulation of fat in the muscle as intramuscular fat content is largely Dietary energy source on meat quality in Simmental bulls 297 influenced by the energy content of the diet and the feeding regime [5] . Feeding maize silage supplemented by wheat (MSW) decreased the intramuscular fat content significantly to 1.54% compared to maize silage supplemented by corn with an average value of 1.96%. This is an indication that corn-containing diets as a source of slow degradable starch increases the intramuscular fat concentration compared to diets supplemented by wheat as a source of rapid degradable starch. The high fibre diet (GSS) in this experiment also resulted in an intermediate intramuscular fat content, not significantly different from the two maize silage based diet groups. This result did not directly correspond with other studies [5, 20, 24] because the energy content of the grass silage based diet (GSS) was 10% lower than the energy content of both maize silage based diets (MSW, MSC). This result, however, may also reflect the possibility, that a higher feed intake could equalise the energy intake. In addition, the present result was in agreement with other studies [7, 8] that did not find any special effects on the chemical composition of beef, when only the energy concentration of the diet was increased.
Meat is considered as a major source of fat in the human diet in industrial countries, especially the relatively high amount of saturated fatty acids in beef may have implications on the prevalence of obesity, cardiovascular diseases and cancer [26] . But lipids in beef may also provide some beneficial components such as PUFA or CLA. Therefore it is mandatory to consider not only the fat content in beef but also the concentration of individual lipid components. In the present study, the differences due to diets in the fatty acid pattern of the LD muscle are small but frequently significant. In general, the fibre rich, grass silage-fed group (GSS) showed a significant higher proportion of SFA, a slightly smaller proportion of MUFA, and about the same proportion of PUFA as the wheat supplemented maize silage group. The corn supplemented maize silage group had a significant lower PUFA proportion, but also the highest intramuscular fat content. The higher proportion of saturated fatty acids in the grass silage diet agrees well with other findings [15] , showing an increase of SFA in the fatty acid pattern of pasture grazing cattle, especially in Simmental bulls with a generally lower intramuscular fat content. The MUFA content of the intramuscular fat can also be correlated with the overall carcass fatness in conjunction with high energy diet consumption [11, 20] . This correlation may be responsible for the relatively high MUFA content found in the intramuscular fat of the MSC group. On the contrary, the reversible relation between the intramuscular fat content and the PUFA proportion could explain the lower PUFA proportion recorded for the MSC group. In general, an increasing energy level of the diet also increases the total MUFA content, while the total PUFA content decreases [5, 6, 21] , however, the lower proportion of PUFA with increasing intramuscular fat content is a dilution effect of a relatively constant amount of phospholipids with an increasing amount of triacylglycerols. One possible reason is that an increase of the intramuscular fat content reduced the proportion of extractable phospholipids from the structural components of muscle cell membranes, which are basically rich in polyunsaturated fatty acids. The high percentages of n-3 fatty acids found in the intramuscular fat of the LD muscles of the GSS group resulted in an increased n-3/n-6 ratio in comparison with the MSW and MSC groups. This was in agreement with other findings and offers a positive aspect for human nutrition [9] .
In ruminants, the fatty acid composition of the intramuscular or adipose tissues is less dependent on the diet as in monogastric animals [7] . A relatively high part of the fatty acids from the ruminant's diet are transformed or metabolised by microbial degradation in the rumen, including bio-hydrogenation of the PUFA [25] . In addition, de novo synthesis of fatty acids is well established in the rumen. Odd numbered, trans-configured or conjugated fatty acids may also occur in the pattern of the animal tissue, even when none of such fatty acids were present in the diet. But indirect effects may also occur. Hence the fibre rich group had a significantly higher proportion of C 15:0, C 16:1, 9t and C18:2, 9t, 12t fatty acids compared to the starch rich fed groups. Different pathways of hydrogeneration in ruminants may also contribute to minor changes in fatty acid relations [17] . Whereas the proportion of CLA (mainly C18:2, 9c, 11t) did not differ between the feeding groups, the linolenic acid percentage was in the GSS group at least 3 times higher than in both other groups (MSW, MSC). Grass as a basic feed also increased the linolenic acid concentration in other studies as compared to a maize silage based or concentrate rich diet [15] . So the variations of the fatty acid pattern of the intramuscular fat are at least partly a reflection of differences in the nutritional background [7, 15] . C22:6n-3 was not detected in all samples. This finding is not unusual in beef and is confirmed by other works [4] .
The kidney fat showed a much higher proportion of SFA, but confirmed in general the differences between feeding groups: SFA and PUFA proportions were significantly higher and the MUFA proportion significantly lower in the GSS group compared to the MSW and MSC groups. In the kidney fat, even a higher amount of CLA in the GSS group proved to be statistically significant.
CONCLUSIONS
The present data do not support the concept that basic meat quality characteristics can be manipulated by changing only the source of energy or the starch degradability. Steaks from animals fed a fibrous diet ad libitum were evaluated as good as steaks from starchy diets in terms of tenderness and juiciness. The steaks from the fibre fed group were ranked slightly but significantly lower compared to the starch fed groups but only for flavour. The fibrous diet resulted in an equivalent proportion of PUFA and CLA in the intramuscular fat, whereas the proportion of linolenic acid was at least three times higher. These results indicate that the diet may impact on the fatty acid pattern of the muscle or kidney fat. It may be concluded that feeding low priced fibrous diets such as grass silage plus sugar beet pulp ad libitum had no adverse effects on meat quality and eating attributes. In addition, the high fibre diet improved the fatty acid profile of muscle and adipose tissue by increasing CLA in the kidney fat, C18:3 fatty acid and PUFA contents compared to starch rich diets based on maize silage.
